Global warming and recurring drought are expected to accelerate water limitation for plant communities in semiarid Mediterranean ecosystems and produce directional shifts in structure and composition that are not easily detected, and supporting evidence is scarce. We conducted a long-term (17 years) nocturnal-warming (+0.6°C) and drought (À40% rainfall) experiments in an early-successional Mediterranean shrubland to study the changes in community structure and composition, contrasting functional groups and dominant species, and the superimposed effects of natural extreme drought. Species richness decreased in both the warming and drought treatments.
| INTRODUCTION
The ecological consequences of the losses of biodiversity and ecosystemic functioning and services have been strongly associated with global climate change (Bellard, Bertelsmeier, Leadley, Thuiller, & Courchamp, 2012; Chapin et al., 2000; Peñuelas et al., 2013; Scheffers et al., 2016; Tilman, Isbell, & Cowles, 2014; Walther et al., 2002) .
Ecosystems in the Mediterranean Basin, one of Earth's foci of the effects of climate change on biodiversity, will likely be affected by rapid warming and drought (Dai, 2013; Myers, Mittermeier, Mittermeier, da Fronseca, & Kent, 2000; Peñuelas et al., 2007 Peñuelas et al., , 2013 . Climate-induced changes in plant community structure and composition in Mediterranean ecosystems have been documented, such as the losses of endemic species (Gottfried et al., 2012; Myers et al., 2000; Peñuelas et al., 2007; Schr€ oter et al., 2005) , changes in patterns of diversity (Chapin et al., 2000; Kr€ oel-Dulay et al., 2015; Prieto, Peñue-las, Lloret, Llorens, & Estiarte, 2009; Walther et al., 2002) , and declines in community stability and resilience (Brose & Hillebrand, 2016; Chapin et al., 2000; Doblas-Miranda et al., 2015; Prieto et al., 2009 ).
The trends in meteorological records and the projections of climatic models suggest future climatic scenarios that would continue to trigger large and irreversible structural and compositional changes in Mediterranean plant communities, which would affect multiple ecosystemic functions and climatic feedback (Doblas-Miranda et al., 2015; Myers et al., 2000; Peñuelas et al., 2013; Tilman et al., 2014) .
Strong evidence for the direction and magnitude of the impacts of climate change on plant community structure and composition, however, remains unclear. Ecological modeling (e.g., bioclimatic envelope and dynamic vegetation models) has been commonly used in recent decades for predicting the response of biodiversity to future climate change, such as extinction and shifts in species ranges and abundance (Ara ujo & Peterson, 2012; Bellard et al., 2012; Leuzinger et al., 2011) . Most of the models, however, have grossly underestimated the importance of species plasticity (e.g., physiological, phenological, and morphological plasticity) and biotic interactions (e.g., competition, facilitation, and mutualism) (Bellard et al., 2012; Leuzinger et al., 2011; Tilman et al., 2014; Tylianakis, Didham, Bascompte, & Wardle, 2008) . Indeed, many studies have reported physiological (photosynthetic activities) (Liu et al., 2016; Llorens, Peñuelas, & Filella, 2003; Prieto, Peñuelas, Llusi a, Asensio, & Estiarte, 2009a) , phenological (earlier or delayed), and morphological (leaf size, number and longevity) (Bernal, Estiarte, & Peñuelas, 2011; Peñuelas, Rutishauser, & Iolanda, 2009; Peñuelas et al., 2004; Scheffers et al., 2016; Thackeray et al., 2016) adjustments associated with climate change as well as evolutionary adaptions (Hoffmann & Sgr o, 2011; Jump & Peñuelas, 2005; Jump et al., 2008; Scheffers et al., 2016) to rapid warming and drought. Species loss or changes in abundance predicted by models do not therefore satisfactorily represent changes in community structure and composition in terrestrial ecosystems under future climatic scenarios.
Some models have incorporated species plasticity, acclimation, and biotic interactions, but most typically analyze data parameterized on short timescales (Beier et al., 2012; Estiarte et al., 2016; Luo et al., 2011) . The responses of community structure and composition to climate change, however, will be driven by slow processes over decadal or even longer timescales (Estiarte et al., 2016; Luo et al., 2011; Peñuelas et al., 2013; Smith, Knapp, & Collins, 2009 ).
Accurately assessing the changes in community structure and composition caused by long-term processes is thus essential for validating the models and providing realistic supporting information for future climate change.
Long-term experiments of climatic manipulation are among the best methods for studying the responses of species interactions and community dynamics under predicted climatic regimes (Beier et al., 2012; Estiarte et al., 2016; Luo et al., 2011; Wu, Dijkstra, Koch, Peñuelas, & Hungate, 2011) . A few long-term (>10 years) climaticmanipulation experiments have been established in natural ecosystems in the last three decades (Estiarte et al., 2016; Leuzinger et al., 2011; Luo et al., 2011) . These experiments have demonstrated increasing (Elmendorf et al., 2015; Smith et al., 2009; Walker et al., 2006) , decreasing (dampening) (Barbeta, Ogaya, & Peñuelas, 2013; Leuzinger et al., 2011; Liu, Ogaya, Barbeta, Yang, & Peñuelas, 2015) , and unchanged (Estiarte et al., 2016; Grime et al., 2008; Tielb€ orger et al., 2014) impacts of manipulation on community dynamics. Community responses to manipulative experiments have been reported for tundra (Elmendorf et al., 2015; Walker et al., 2006) and temperate grassland (Yang et al., 2011) ecosystems, whereas no net (or chronic) changes have been reported for semiarid Mediterranean ecosystems (Estiarte et al., 2016; Tielb€ orger et al., 2014) . Large shifts in community structure and composition, as proposed by the hierarchical response framework, will likely come because of continuous and cumulative climatic disturbances (Smith et al., 2009) . Contrasting community responses to long-term climatic-manipulation experiments can be due to differential effects in functional groups or dominant species, indicating alterations in dominance hierarchies and relative abundances Peñuelas et al., 2013; Smith et al., 2009; Yang et al., 2011) . The shortage of long-term field manipulations has greatly limited our understanding of the alterations in plant community structure and composition and in functional groups and dominance shifts. The cumulative effects of longterm climate change, however, may also be abrupt or nonlinear when thresholds (tipping points) are exceeded, exacerbated by climatic extremes (Ciais, Reichstein, Viovy, & Granier, 2005; DoblasMiranda et al., 2015; Jentsch et al., 2011; Peñuelas et al., 2007; Reichstein et al., 2013) . Long-term manipulative field experiments are thus likely to record transformative changes and to identify the mechanisms of community dynamics in response to the overlapping effects of climatic variability and extremes (Estiarte et al., 2016; Jentsch et al., 2011; Kreyling, Jentsch, & Beierkuhnlein, 2011; Luo et al., 2011; Smith et al., 2009 ).
Most natural terrestrial ecosystems around the globe are disturbed either by anthropogenic activities or by natural climatic events and are either not in equilibrium or are recovering (Scheffer et al., 2009; Seddon, Macias-Fauria, Long, Benz, & Willis, 2016) . The successional status of an ecosystem is an influential factor that must be considered for accurately forecasting community dynamics under climate change (Brose & Hillebrand, 2016; Estiarte et al., 2016; Kr€ oel-Dulay et al., 2015; Prieto et al., 2009) . The re-establishment of species or structural reordering in these dynamic ecosystems at early-successional stages, however, may be strongly affected under the predicted scenarios of climate change (Jump et al., 2008; Kr€ oelDulay et al., 2015; Peñuelas et al., 2013; Prieto et al., 2009) . Field experiments have demonstrated that continuous warming and drought manipulations have influenced reproductive outputs and seedling compensation, which could potentially lead to substantial shifts in plant community structure and composition in early-successional shrubland ecosystems (Del Cacho, Saura-Mas, Estiarte, Peñue-las, & Lloret, 2012; Lloret, Penuelas, & Estiarte, 2004; . Some reports, however, have indicated that experimental climatic treatments in early-successional ecosystems have increased physiological adjustments (photosynthetic activities, stomatal conductance, and water-use efficiency) (Liu et al., 2016; Llorens et al., 2003; Prieto et al., 2009a) , altered phenological activities (Bernal et al., 2011; Peñuelas et al., 2004) , and invoked rapid genetic changes toward seedling phenotypes to adapt warming and drought (Jump & Peñuelas, 2005; Jump et al., 2008) . Whether physiological, phenological, and genetic modifications can increase the occurrence and relative abundance of more resistant species and can compensate for species loss or decreases in the abundance of sensitive species on long-term temporal scales remains unclear. Our understanding of species competition, community dynamics, and their mechanisms also remains poor, especially for early-successional ecosystems (Estiarte et al., 2016; Kr€ oel-Dulay et al., 2015) . Long-term manipulative experiments in early-successional or recovering ecosystems and monitoring the responses of community structure, functional groups, or species dominance to global climate change are therefore urgently needed.
Long-term nocturnal-warming (0.6°C average temperature increase) and drought (40% decrease in precipitation) experiments have been conducted in an early-successional Mediterranean shrubland since 1999. We hypothesized that long-term manipulations of both nocturnal warming and drought would decrease biodiversity at the community level (species richness [S], community diversity [H], and evenness [E] ) and trigger different performances (species richness and abundance) between functional groups, ultimately leading to the decline or loss of sensitive groups (or species) and shifts in community composition to more resistant groups (or species). The specific objectives of this study were to determine (i) whether both warming and drought would significantly decrease community biodiversity (S, H, and E) throughout the study period, (ii) whether contrasting responses of functional groups would decrease S and H, (iii) whether long-term experimental warming and drought would shift community composition by altering species dominance and (iv) whether changes in biodiversity were associated with the impacts of severe droughts (differ- (Table S1 ).
| Manipulation experiments
We conducted a nocturnal-warming experiment from 1999 to 2014
and a drought experiment from 1999 to 2015 on three replicate blocks selected along a south-facing slope (Liu et al., 2016; Llorens et al., 2003; Peñuelas et al., 2007; Prieto et al., 2009 Prieto et al., , 2009a . Each block contained three randomly distributed replicate warming, drought, and control plots (4 9 5 m) , for a total of nine plots for all treatments. The warming experiment was established by passive nocturnal warming by covering the vegetation with reflective aluminum curtains (ILS ALU, AB Ludvig Svensson, Kinna, Sweden), which is considered as one of the most realistic and effective approaches to simulate climate warming (Aronson & McNulty, 2009; Kr€ oel-Dulay et al., 2015) . The warming curtains reflected 97% of the direct and 96% of diffuse radiation at night (Beier et al., 2004) . The curtains were activated automatically by preset light conditions (<200 lux). The tional groups were calculated using the abundances of species of each life form and were then log-transformed for estimating the abundance of herbs (Ah) and shrubs (As) and the abundance of shrubs relative to the total abundance of all species (Relative As).
The most abundant species, G. alypum (GA), E. multiflora (EM), Poaceae species (PO), and R. officinalis (RO), were also log-transformed for calculating the changes in abundance due to warming and drought. Here, abundance of functional groups and most abundant species were log-transformed to adjust for the large positive skew in distribution.
Daily air temperature and precipitation were recorded by a meteorological station at the study site. Temperature means were calculated for various periods (annual, AT, from August in previous year to July in current year; winter-spring, WST, from December to May and summer, ST, from June to August and autumn, ATT, from September to November in previous year), and accumulated precipitation was calculated for the same periods (AP, WSP, SP, and autumn, ATP; respectively). Soil moisture in the plots was measured . We selected the winter-spring (May SPEI-4, from February to May) and summer (August SPEI-3, from June to August) water balances to identify the water deficits during the historical period 1951-2015 (Fig. S2 ), whereas several timescales were used for modeling the changes in biodiversity. We considered extreme years those that historically occurred less frequently than once per decade (Isbell et al., 2015) , that is, the years below the cutoff during the historical period of 1951 to 2015 (Table S2) .
| Statistical analysis
The effects of the treatments on the parameters of community biodiversity (S, H and E), species richness of functional groups (Sh, Ss and Relative Ss), abundance of functional groups (Ah, As, and Relative As) and abundance of the most abundant species were analyzed, and treatment effects on the responsive variable were analyzed separately (warming vs control and drought vs control) by linear mixedeffects models. We tested various models, including combinations of the covariates of temperature (AT, WST and ST), precipitation (AP, WSP, and SP), and SPEIs at different timescales and treatment as fixed variables. We selected a random structure among the random factors block, plot, and plot nested within block (block/plot). The best models with the lowest Akaike information criteria (AIC) included block as a random factor and the covariates:
The SPEI timescales of the best model differed among the biodi- [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] , and the entire period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
Treatments and SPEIs were selected for each period for analyzing the changes in community composition as:
Various SPEI timescales (July SPEI-3, May SPEI-2, and May SPEI-4) were selected for analyzing compositional changes during the 1999-2006, 2007-2015, and 1999-2015 The historical climatic series from the nearby meteorological station exhibited a warming trend of annual temperature (AT) (R 2 = .38, p < .001) and a moderately stable annual precipitation (AP) (Fig. S1a) . The warm and dry summers characteristic of the Mediterranean climate were exacerbated by a trend of increasing ST (R 2 = .24, p < .001) and decreasing SP (R 2 = .11, p < .01) during this period (Fig. S1b) . The trend in August SPEI-3 (for June, July, and August) accordingly indicated a trend of increasing water deficits (R 2 = .13, p < .01) ( 3.2 | S, H, and E at the community level S, H, and E in control varied greatly throughout the study period ( Figure 2 ; Table 1 ). S increased at the beginning and then showed a slight trend to decrease. H and E tended to decrease during the period of 1998 to 2007 and recover during the period of 2008-2015.
Overall, S was lower in both the warming (difference = À0.91, p < .05) and drought (difference = À2.19, p < .001) treatments relative to the control. H and E were not affected by the experimental warming but both were significantly lower in the drought treatment than the control (difference = À0.22, p < .001; difference = À0.04, p < .01). The changes in S, H, and E were associated with winterspring SPEIs in the models. S was positively correlated with May SPEI-4 for warming-control (difference = 0.62, p < .001) and drought-control (difference = 0.45, p < .01) comparisons. H, however, was poorly correlated with May SPEI-4 for warming-control and drought-control comparisons, and E was negatively correlated with April SPEI-3 for the warming (difference = À0.12, p < .05) and drought (difference = À0.11, p < .05) models.
3.3 | The responses of S for the functional groups S fluctuated differently for the herbs and shrubs during the study period ( Figure 3 ; Table 2 ), with Sh more stable. In contrast, Ss (difference = 0.03, p < .05) and drought (difference = 0.06, p < .01).
Ah, As, and Relative As were associated with SPEIs (Table 3) . Ah was positively correlated with July SPEI-3 in warming-control (difference = 0.28, p < .001) and drought-control (difference = 0.17, p < .1) comparisons, As was positively correlated with May SPEI-2 in warming-control (difference = 0.1, p < .01) and drought-control (difference = 0.11, p < .01) comparisons, and Relative As was negatively correlated with April SPEI-3 in the drought-control comparison (difference = À0.02, p < .01).
| Shifts in community composition in the treatments
Community composition changed significantly in the warming and drought treatments over the first half of the experimental period 
F I G U R E 2 Changes in (a) species richness (S), (b) community diversity (H)
, and (c) community evenness (E) in the warming, drought, and control treatments during the study period 1998-2015. May SPEI-4 was the covariate factor for the changes in S and H, and April SPEI-3 was the covariate factor for the changes in E in the models. Vertical bars indicate the standard errors of the means (n = 3 plots)
T A B L E 1 Results from the best models for the responses of species richness (S), community diversity (H), and evenness (E) of the plant community to experimental warming and drought throughout the study period 1998-2015. The changes in S and H were associated with May SPEI-4, and the changes in E were associated with April SPEI-3 in the models. Warming-control and droughtcontrol differences were analyzed. Significant differences are labeled with asterisks: *p < .05, **p < .01, ***p < .001. for axes 1 and 2, respectively), and 45% (29 and 16% for axes 1 and 2, respectively) of the total variability in species composition. The (Table S3) indicated that warming would drive the shifts in composition toward R.
officinalis, which increased significantly in abundance under experimental warming (difference = 0.98, p < .001) but did not change F I G U R E 3 Changes in the species richness of (a) herbs (Sh), and (b) shrubs (Ss), and (c) in Relative Ss in the warming, drought and control treatments during the study period 1998-2015. May SPEI-2 was the covariate factor for the changes in Sh, and May SPEI-4 was the covariate factor for the changes in Sh and Relative Ss in the models. Vertical bars indicate the standard errors of the means (n = 3 plots)
T A B L E 2 Results from the best models for the responses of the species richness of herbs (Sh) and shrubs (Ss) and of Relative Ss to experimental warming and drought throughout the study period 1998-2015. The changes in Sh were associated with May SPEI-2, and the changes in Sh and Relative Ss were associated with May SPEI-4 in the models. Drought-control and warming-control differences were analyzed. Significant differences are labeled with asterisks: (*) p < .1, *p < .05, **p < .01, ***p < .001. warming. The delay may also be due to continuous influences on F I G U R E 4 Changes in the abundance of (a) herbs (Ah) and (b) shrubs and in (c) Relative As in the warming, drought, and control treatments during the study period 1998-2015. July SPEI-3, May SPEI-2, and April SPEI-3 were the covariate factors for the changes in Ah, As, and Relative As, respectively. Vertical bars indicate the standard errors of the means (n = 3 plots)
T A B L E 3 Results from the best models for the responses of the abundance of herbs (Ah) and shrubs (As) and of Relative As to experimental warming and drought throughout the study period 1998-2015. The changes in Ah, As, and Relative As were associated with July SPEI-3, May SPEI-2, and April SPEI-3, respectively, in the models. Drought-control and warming-control differences were analyzed. Significant differences are labeled with asterisks: (*) p < .1, *p < .05, **p < .01, ***p < .001. Significant effects (p < .05) are highlighted in bold type experimental warming were in accordance with the decreases in S of temperature-sensitive species with natural warming, which have decreased biodiversity in most Mediterranean montane ecosystems (Gottfried et al., 2012) . The experimental warming, however, did not affect H or E, possibly due to the moderate warming in the treatment (0.6°C average increase). Previous studies reported that experimental warming increased plant growth in spring and autumn and also increased the physiological adjustment by improving stomatal conductance and water-use efficiency (WUE) in summer (Liu et al., 2016; Prieto et al., 2009a) . S and plant community structure, however, may likely shift substantially in Mediterranean ecosystems under future warming, because climatic effects are cumulative or even nonlinear, especially if combined with extreme heatwaves and droughts (Peñuelas et al., 2013; Smith et al., 2009 ).
The drought treatment had early and strong influences on S, H, and E, probably due to the intensity of the treatment (decreases in soil water content of ca. 16.7%). Water is the most limiting factor for plant growth and reproduction in Mediterranean ecosystems, and significant changes in the structure and composition of plant communities at early-successional stages have been reported under water deficits (Peñuelas et al., 2007; Prieto et al., 2009 ). Manipulative reductions in precipitation have decreased plant growth (biomass accumulation and aboveground net primary productivity
[ANPP]) (Liu et al., 2015; Peñuelas et al., 2007; Prieto, Peñuelas, Llusi a, Asensio, & Estiarte, 2009b) , reproductive outputs (Del Cacho, Peñuelasa, & Lloret, 2013) , and seedling establishment . These effects will likely influence the dynamics of S and the patterns of plant community structure on long timescales.
Moreover, large decreases in community biodiversity (S, H, and E) under drought may strongly influence species dominance, trophic relationships and ecosystemic functioning (Estiarte et al., 2016; Peñuelas et al., 2007 Peñuelas et al., , 2013 . Indeed, manipulative droughts (alterations in amounts, patterns, and timing of precipitation) around the globe have had stronger impacts on community structure and ecosystemic functioning than other climatic drivers such as warming, because plant growth and reproduction are more sensitive to water stress (Beier et al., 2012; Peñuelas et al., 2004 Peñuelas et al., , 2013 Wu et al., 2011) . Drier conditions (from both climatic warming and lower precipitation) are likely to emerge in Mediterranean ecosystems in the coming decades, likely leading to loss of biodiversity and decreases in ecosystemic functioning and services (Dai, 2013; Peñuelas et al., 2013 ).
| S and abundance of the functional groups
Experimental warming significantly decreased Sh but not Ss or Relative Ss. The more conspicuous effects of warming on Sh than Ss are likely due to their differential sensitivity to warming. Herbs usually have less developed root systems than shrubs, which result in a disadvantage to persistent in response to warming. The long-term warming was found to result in declines in herbs related to the reductions in abundance of seedlings at the same site Prieto et al., 2009 ). The reductions in Sh with experimental warming largely accounted for the decreases in S at the community level. Changes in Ah and As, however, differed under experimental warming, with decreases in Ah but increases in As that led to an increase in Relative As. And the decreases in Ah under long-term warming could be the consequence of accumulated effects because it was not detected in a former report of 7 years of warming ). However, increases in As under warming indicated a competitive advantage of shrubs for resource acquisition (water and nutrients) (Prieto et al., , 2009b . Thus, species reorganizations and shifts in community composition are therefore likely at the current magnitude and rate of warming because of severe declines or losses of herbs, whereas shrubs may have a competitive advantage (growth and reproduction), shifting composition toward the establishment of shrub species.
F I G U R E 5 Shifts of community composition in the first half of the experimental period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , the second half (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , and the entire period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . July SPEI-3, May SPEI-2, and May SPEI-4 were the covariate factors for the first half, second half, and the entire study period, respectively. The labels represented the most abundant species of Globularia alypum (GA), Erica multiflora (EM), Ulex parviflorus (UP), Rosmarinus officinalis (RO), Poaceae species (PO) and Pistacia lentiscus (PL)
The drought treatment reduced both Sh and Ss, which could account for the substantial decreases in S at the community level.
The experimental drought also decreased Ah but did not affect As.
Both Relative Ss and As consequently increased under the drought treatment, perhaps due to the higher drought resistance of shrubs than herbs. For example, G. alypum (the dominant shrub at our site)
can persist under dry conditions and can increase by regulating its physiological activities (e.g., stomatal conductance and water-use efficiency) (Liu et al., 2016; Llorens et al., 2003; Prieto et al., 2009) and altering its phenological periods . A decline in herb seedlings under drought treatment reported in short-term studies of this experiment Prieto et al., 2009 ) may contribute to the decrease in abundance of herbs in the long term. Therefore, the declines in Sh and Ah may indicate a selective sweep in a future drier climate, similar to the effects of warming, especially for lower precipitation during the growing season . In contrast, shrubs were more resistant to both the warming and drought treatments, so they may persist with future rapid climate change. Whether the increases in the abundance of shrubs (As) in arid Mediterranean ecosystems would increase above-and/or belowground carbon accumulations, which may also influence shrubland productivity and ecosystemic carbon feedback, however, remains unclear.
| Shifts in community composition
Experimental warming in our shrubland community led to significant shifts in community composition, consistent with the effects of warming treatments on communities in a montane meadow (Harte & Shaw, 1995) , temperate steppe (Yang et al., 2011) , and peatland (Dieleman, Branfireun, Mclaughlin, & Lindo, 2015) . Shifts in community composition are ascribed to alterations in competitive hierarchies and the relative abundance of dominances or subdominances under warming (Dieleman et al., 2015; Harte & Shaw, 1995; Smith et al., 2009; Yang et al., 2011) . In our study, experimental warming shifted the community composition toward R. officinalis, E. multiflora and U. parviflorus in the first half of the experimental period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) ) but favoring R. officinalis when including the second half (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) and consequently the entire period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) in the analysis. Previous studies have reported that the growth of E. multiflora was more limited by summer drought, despite the enhanced growth in cold seasons via higher photosynthetic activities due to experimental warming (Liu et al., 2016; Llorens et al., 2003; Prieto et al., 2009 Prieto et al., , 2009a . We also observed that the abundance of E. multiflora was significantly increased by warming (Fig. S4b) , but R. officinalis tended to more responsively to warming (Llorens et al., 2003; Prieto et al., 2009a) and phenologically (e.g., delay in flowering time) to the dry conditions. The abundance (assessed as number of contacts) of G. alypum was also higher in the drought than the control treatment ( Fig. S4a; Table S3 ). G. alypum may therefore maintain its dominant position in response to drought in this early-successional shrubland. Therefore, future climate change may shift the community composition, favoring the more warm-and/or drought-resistant species, which may lead to uncertain changes in ecosystem functioning and service.
| Biodiversity parameters and meteorological droughts (SPEI)
The significant correlations between winter-spring SPEIs and the community parameters (S, H, and E), species richness (Sh, Ss, and Relative Ss), and abundance (Ah, As, and Relative As) of the functional groups, the abundance of the most abundant species, and the shifts in community composition indicated the importance of water inputs to changes in structure and composition in this early-successional shrubland ecosystem. These changes in biodiversity were also closely correlated with short timescale SPEIs (2-4 months), indicating a higher sensitivity to drought for the biomes in semiarid ecosystems (Vicente-Serrano et al., 2010) . In addition, most of these changes in biodiversity were positively correlated with winter-spring (May SPEI-4, May SPEI-2 and April SPEI-3) and early summer (July SPEI-3) water inputs. Therefore, more species and greater abundance may occur in the years with higher values of SPEIs, whereas it may occur oppositely in water deficit years, as a result of the expansion of the alive individuals and occurrence of seedlings Prieto et al., 2009 Prieto et al., , 2009b . Indeed, the herb functional group was extremely sensitive to water deficits in summer drought. For example, (Ciais et al., 2005 ) also significantly decreased S, plant growth, and ANPP at our study site (Peñuelas et al., 2007) . We also detected low water availabilities in winter-spring (2003, 2005 and 2006) and summer (2003, 2006 and 2007) that probably caused the severe reductions in S, H, E, Sh, and Ah for that period. Natural extreme droughts, however, tended to increase Relative Ss and As, favoring shrubs, especially in the drought treatment (Figures 3c,   4c ). Indeed, the growth and ANPPs of Mediterranean forests have been correlated with the winter-spring water balance, and mortality rates and branch litterfall have been correlated with summer water balance (Barbeta et al., 2013; Liu et al., 2015) . The structure and composition of Mediterranean shrubland ecosystems would therefore be substantially degraded if future climate change continues to decrease water reserves in winter-spring and summer.
4.5 | Sensitivity of successional recovery from climate change
The developmental stage of an ecosystem may affect the responses of the vegetation to climatic disturbances (Brose & Hillebrand, 2016; Kr€ oel-Dulay et al., 2015; Peñuelas et al., 2007; Prieto et al., 2009) . Community structure and composition responded strongly to the climatic treatments, especially the drought treatment, in our early-successional shrubland ecosystem.
The effects of climatic treatments, however, are not apparent in some ecosystems, even long-term treatments (Estiarte et al., 2016; Grime et al., 2008; Tielb€ orger et al., 2014) . These climatic treatments may be conducted in moderately mature or stable ecosystems, so the structure of plant communities is not influenced by slow climate change due to the well-developed structure and trophic complexity of the ecosystems (Smith et al., 2009; Tielb€ orger et al., 2014) . Terrestrial ecosystems, however, are likely to experience anthropogenic and/or natural climatic disturbances that could push ecosystems into unstable or earlier successional stages (Chapin et al., 2000; Peñuelas et al., 2013; Seddon et al., 2016) .
These unstable ecosystems would be strongly influenced by future climate change, leading to large changes in biodiversity and ecosystemic functioning (Brose & Hillebrand, 2016; Kr€ oel-Dulay et al., 2015) . For example, Mediterranean ecosystems have historically suffered intense anthropogenic disturbances and are highly vulnerable to the ongoing climate change, because they are near critical ecosystemic tipping points (or thresholds) (Doblas-Miranda et al., 2015; Myers et al., 2000; Peñuelas et al., 2007 Peñuelas et al., , 2013 Scheffer et al., 2009) . Global warming and drought represent differential selection pressures on plant species in local communities, which are leading to large losses of species diversity and decreases in ecosystemic functioning (Kr€ oel-Dulay et al., 2015; Lloret et al., 2004 Lloret et al., , 2009 Prieto et al., 2009; Scheffers et al., 2016) . Future extreme climatic regimes (heat waves and droughts)
would especially influence the functioning and services of ecosystems if critical thresholds are surpassed (Ciais et al., 2005; Jentsch et al., 2011; Kreyling et al., 2011; Reichstein et al., 2013; Smith et al., 2009) . However, to date, there is a limited understanding of the combined effects of different climate factors such as warming and drought as well as extreme climatic regimes. Long-term experiment with interacting factors are needed to detect the combined influences of climatic change on species diversity and community composition, especially in the already warm and dry habitats of the Mediterranean ecosystems. Changes in community structure and composition could be persistent and even more abrupt as climate change projected by models progresses into the future (Dai, 2013; Doblas-Miranda et al., 2015; Tilman et al., 2014) . Long-term climatic manipulations in ecosystems at different successional stages are thus critically necessary for projecting losses of ecosystemic biodiversity, functioning, and services in response to future climate.
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